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PROCESS AND DEVICE FOR OPERATING AN 
AUTOMATIC DATA CARRIER ARCHIVE 

This is a continuation of application Ser. No. 
07/573,186, filed Aug. 16, 1990, now abandoned. 
The invention relates to a method for operating an 

automatic data carrier library associated with a com 
puter as data store, with data carriers being transported 
back and forth between various stations of the data 
carrier library by transportation procedures of a han 
dling device for the data carriers which are carried out 
by a control device of the data carrier library, with the 
stations of the data carrier library including at least one 
data carrier store and one read/write station for the 
data carriers. 
Such data carrier libraries are known, in particular, 

from large computing centers where, for example, in 
data security rooms a large number of data carriers is 
held in readiness for the large-scale computer without 
the intervention of operating staff. 
The transportation of the data carriers is carried out 

between the data carrier stores, comprised, for example, 
of rotary towers or shelves, and a read/write station, 
between the data carrier stores and the in/out storage 
station or the in/out storage station and the read/write 
station. 

Data carriers are exchanged with the environment 
via the in/out storage station, i.e., for example, new or 
rerecordable data carriers, e.g., tape cassettes are held 
in readiness for recording new data material for use in 
the library. Data carriers from parallel libraries can be 
taken over via this station or so-called foreign data 
carriers originating from other computing centers made 
usable for one's own computing center via the in/out 
storage station and one's own library. 

In the same way, the in/out storage station can be 
used to transfer cleaning devices, for example, cleaning 
cassettes for cleaning the read/write heads in the read/- 
write stations. 

In the computer-controlled data libraries known so 
far, the requests for the various transportation functions 
were processed in accordance with the time sequence of 
arrival of the requests, with a cleaning procedure being 
fitted in, where appropriate, between the transportation 
functions for maintenance of the read/write station. 

Within the employment time of such a computer-con 
trolled data library, there are always peaks of activity, 
in particular during the routine making of backup cop 
ies, at which time the data to be copied are not available 
for processing. 

In order to avoid very long waiting times, either the 
handling capacity of data carriers per time unit in the 
tape library had to be increased by, for example, a fur 
ther handling device being allocated to the same data 
carriers or the libraries were constructed at the begin 
ning such that from the start a lower number of data 
carriers was allocated to a handling device. The latter 
procedure does, however, involve larger space require 
ments for the library. 

Proceeding from this, the object of the present inven 
tion is to improve the availability of the data carriers. 

This object is accomplished with the method de 
scribed at the beginning in accordance with the inven 
tion in that each transportation procedure is carried out 
by at least one transportation function, that each trans 
portation function is allocated a priority, that a trans 
portation function with higher priority is carried out 
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2 
with precedence over a transportation function with 
lower priority, and that when the computer requests a 
data carrier in the read/write station, at least the direct 
transportation between the read/write station and a 
further one of the stations is carried out with a transpor 
tation function with highest priority. 
Hence the inventive method has the great advantage 

that other less important transportation functions are 
postponed during the times when the computer requests 
a data carrier in a read/write station and, therefore, 
operation of the computer is not disturbed by the other 
considerably less important transportation functions, 
and these other transportation functions can be per 
formed when there is no request for a data carrier from 
the computer. 

In particular, provision is made in accordance with 
the invention for transportation functions which are to 
be performed by the data carrier library, but are not 
directly requested by the computer, to be allocated a 
lower priority. In this case, a direct request from the 
computer is preferably one where if it is not carried out, 
the computer would be unable to continue its program 
or only to a limited extent, thereby impairing the work 
ing capacity of the computer. 

It is particularly advantageous for a first transporta 
tion function to be provided where transportation of 
one of the data carriers is carried out between the data 
carrier store and an intermediate store arranged within 
close access to the read/write station, for a low priority 
to be allocated to the first transportation function, for a 
second transportation function to be provided where 
transportation of one of the data carriers is carried out 
between the intermediate stores and the read/write 
station, for selected transportation procedures to be 
prepared or completed by the first transportation func 
tion before or after the request by the computer, and in 
the event of request of a selected transportation proce 
dure by the computer, for only the second transporta 
tion function to be performed with highest priority. 
Hence with this procedure there is the possibility of 

selecting individual transportation procedures which 
are then divided up into two transportation functions, 
with the preparatory or subsequent work by the first 
transportation function not having to be carried out 
simultaneously with the request by the computer and 
merely the second transportation function having to be 
performed immediately upon request by the computer. 
This makes it possible, for example, in the case of trans 
portation procedures which occur often and, in particu 
lar, are known to the control device, to prepare these 
accordingly and hence via the intermediate store ar 
ranged within close access to the read/write station to 
create the precondition for the handling device not to 
have to cover any long paths upon receipt of a request 
for this data carrier from the computer and to, there 
fore, be able to insert the requested data carrier in the 
respective read/write station with as short gripping or 
transportation paths as possible. This saves considerable 
time and so the computer can continue working as 
freely as possible and the long transportation paths 
which would have had to be carried out by the handling 
device, for example, during the search for a data carrier 
in the data carrier store are eliminated so that the actual 
request can be processed. The long transportation paths 
can then be covered during those times at which there 
is no request for a data carrier from the computer. 

In particular, provision is, therefore, expediently 
made for the selected transportation procedure to be a 
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predictable procedure for transportation of a data car 
rier from or to the read/write station, for example, a 
transportation procedure away from the read/write 
station which firstly only requires clearance of the 
read/write station so that for further operation of the 
inventive data carrier library it is merely necessary for 
the data carrier to be transported from the read/write 
station to the intermediate store, and the following, 
hence predictable, transportation procedure to the end 
station in the data carrier store can be carried out subse 
quently without time limitation by a first transportation 
function. On the other hand, a predictable transporta 
tion procedure to the read/write station also exists 
when it is already known from other circumstances that 
such a data carrier will shortly be requested by the 
computer. In this case, with the first transportation 
function, the data carrier is firstly placed with foresight 
in the intermediate store without time limitation, and 
when the request is received from the computer, only 
transportation from the intermediate store to the read/- 
write station is then necessary. 
Within the scope of the inventive method, it is partic 

ularly expedient in the event a data carrier is located in 
a read/write station, prior to transportation of a further 

10 

20 

data carrier to this read/write station, for removal of 25 
the data carrier located therein to be carried out before 
transportation of the further data carrier. It is thereby 
ensured that owing to the priority allocation in accor 
dance with the inventive method, an attempt is not 
made to insert a data carrier into a read/write station 
which is already occupied by a data carrier. 

It is particularly advantageous within the scope of the 
inventive method for the removal of each data carrier 
to be carried out in the form of a selected transportation 
procedure. 
Within the scope of the inventive method, it is also 

expedient for an in/out storage station to be provided as 
further station. 
With provision of such a further station, it is similarly 

expedient, within the scope of the inventive method, for 
the transportation procedures involving the read/write 
station to be carried out in accordance with the trans 
portation procedures relating to the data carrier store, 
i.e., that the same priority allocations be provided for 
the transportation functions as for the above described 
transportation between the data carrier store and the 
read/write station. 

In the previous statements on the inventive method, 
the positioning of the intermediate store has not been 
discussed in further detail. 

It is particularly expedient for the intermediate store 
to be defined as area within close access to the data 
carrier store. 
Within the scope of the inventive solution, under the 

term within close access, arrangement of the intermedi 
ate store relative to the read/write station is always to 
be such that the handling device requires as short an 
access path as possible for transportation of the data 
carrier between the intermediate store and the read/- 
write station, i.e., for example, arrangement adjacent to 
the read/write station. 

Therefore, within the scope of the inventive method 
it is particularly expedient for the intermediate store to 
be arranged above the read/write station. 

It is even more advantageous for the intermediate 
store to be moved along with the handling device as, in 
this case, the intermediate store is not only automati 
cally placed within close access to the read/write sta 
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4. 
tion owing to the movement of the handling device, but 
also within close access to the respective position of 
access to the other stations, i.e., for example, to the data 
carrier store or the in/out storage stations. 
Such an intermediate store moving along with the 

handling device also enables particularly advantageous 
design of handling devices wherein, for example, a large 
number of data carriers is to be transported from one 
station in the data carrier library to the other station. 
These can then all be loaded with short access times 
from the one station into the intermediate store and then 
after movement of the handling device transferred from 
the intermediate store to the other station or vice-versa. 

It has proven particularly expedient within the scope 
of the inventive method for the intermediate store to be 
arranged within the gripping range of the handling 
device standing in a position of access to the read/write 
station. 

In particular, provision is made within the scope of 
the inventive solution, preferably when large data car 
rier stores with a large number of rotary towers are 
used, for the handling device to be moved along a track 
extending along the side of the read/write station and 
the data carrier store, in order to carry out transporta 
tion procedures. 

In the simplest case, provision is made for the han 
dling device to be moved along the track in order to 
perform the first transportation function. In addition, 
provision is expediently made for the handling device to 
stop on the track in order to perform a second transpor 
tation function. 

All of the above-described variants of the inventive 
method open up various advantageous new possibilities 
for use of a computer-controlled data carrier library. 
For example, various computers can have access to the 
data carrier library independently of one another, with 
different priorities being allocated to the transportation 
functions requested by each data processing system. 
This enables use of a common data file by various data 
processing systems without these requiring checking 
against one another. This checking is carried out in the 
control device for the data carrier handling device via 
the allocation of the priorities. It is similarly possible to 
differentiate between urgent and less urgent data carrier 
requests so the control device calls up the transporta 
tion functions in accordance with their priority and no 
longer in the order of precedence of the time sequence 
in which the requests arrive. With this method, particu 
larly urgent data carrier requests can be treated prefer 
entially while such requests for which the reaction 
times for making the data carrier available are not criti 
cal are carried out later. 
Owing to the division of frequently required trans 

portation procedures into times when the handling de 
vice is less active, it is possible for functions required 
later to be partly carried out by first transportation 
functions in an advance step so that in the case of a 
concrete request for such a function, only the second 
transportation function has to be carried out. 
The time saving gained thereby considerably in 

creases the availability of the data carriers (or shortens 
the reaction time of the library for a data carrier re 
quest), in particular, in times of peak activity of the 
handling device. 

Allocation of one of the lowest priorities to the first 
transportation function results in a higher basic employ 
ment of the handling device, yet each concrete or cur 
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rent request for a data carrier is treated with prece 
dence. 

Particularly advantageous possibilities for the organi 
zation of the automatic data library itself are likewise 
opened up by the inventive method for operating the 
data library. It is thereby made possible for the control 
device to select the transportation function with lowest 
priority, if required, at regular time intervals, and even 
continuous operation of the transportation function 
with lowest priority can, if required, be maintained. If 
requests for transportation functions with higher prior 
ity are received, the continuous operation of the trans 
portation function with the lowest or generally with a 
lower priority is then interrupted and only resumed 
when all requests for transportation functions of higher 
priority have been dealt with. 
This procedure is suitable, in particular, for transport 

ing empty or rerecordable data carriers delivered to the 
automatic data carrier library via the in/out storage 
station to a storage area directly adjacent to the read/- 
write station. In this way, the transportation procedure 
during the data backup processing phase which regu 
larly involves peak activity of the handling device and 
the data library is prepared and shortened. The entire 
-ata backup processing phase is thereby shortened and 
nore comprehensive data backup processing measures 
are possible with the same transportation capacities 
within the same period of time. After the data carrier 
has been transferred from the in/out storage station to 
the vicinity of the read/write station with the first trans 
portation function, in the data backup processing phase 
it then only has to be transported a short distance to the 
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read/write station with the second transportation func 
tion. In particularly expedient cases, the handling de 
vice may remain in one position for performance of the 
second transportation function while all necessary 
movements are carried out by a gripper arm. 

in conventional data carrier libraries, the time for 
making available a recordable data carrier may, for 
example, be reduced from approximately 15 to 20 sec 
onds to 6 to 8 seconds. 
A further possibility for improving the time behavior 

of the data carrier library consists in a test run with 
which the availability of individual data carriers is veri 
fied being defined as function with lowest priority. This 
may involve a check and comparison of the designation 
on the data carrier cover with the identification on the 
data carrier material itself or a check as to whether the 
individual data carrier is present in the data carrier store 
in the storage position stored in the control device. 

In the same way, a resorting in the data carrier library 
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whereby the data carrier storage areas located adjacent 
to the read/write stations are occupied by the data 
carriers required most often can be defined as transpor 
tation function with lowest priority. 

It is, furthermore, advantageous within the scope of 
the inventive method for insertion of a cleaning data 
carrier to be performed with a transportation function 
whose priority is lower than the highest priority so the 
insertion of the cleaning data carriers, which is likewise 
necessary after predetermined time intervals, also has to 
be carried out after the transportation functions of the 
highest priority in the order of precedence and hence no 
longer in a strict time sequence. To this end, the usages 
of the individual read/write stations are preferably reg 
istered and when a predetermined number of usages has 
been reached, the transportation function relating to the 
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6 
cleaning data carrier is called up and processed in ac 
cordance with its priority. 
Such transportation functions within the data library 

can be integrated into the normal continuous operation 
of the data carrier library without any less of reaction 
time and so a maximum availability of the data carriers 
with shortest reaction time can always be ensured. 

In a particularly preferred method, in addition to the 
function with the lowest priority, a further function 
with the next highest priority is provided for continuous 
operation according to requirement. In this case, the 
function with the lowest priority replaces the function 
with the second lowest priority when there is no 
requirement-temporarily-for the function with the 
second lowest priority. 

Alternatively or additionally, it is possible to change 
the allocation of the priorities to the individual func 
tions during operation of the library. The availability of 
individual data carrier types can, for example, thereby 
be adapted to the request profile during the operating 
time of the computer. 

In particular, the change in the allocation of the pri 
orities can be brought about in accordance with the 
invention by a predetermined time pulse or be made 
dependent on the occurrence of a certain event. 
The intermediate storage of data carriers is, however, 

not only limited to the area of the data carrier store 
defined separately as intermediate store or to a corre 
spondingly defined area arranged in the vicinity of the 
read/write station. On the contrary, in the event of 
overloading of this area, further parts of the data carrier 
store can be used for this purpose and so, for example, 
data carriers to be recorded can be taken over from the 
in/out storage station into a further part of the store and 
only transferred to the area adjacent to the read/write 
station when a storage position has become free there. 

Similarly, the transportation function with which a 
data carrier is to be transported from the read/write 
station directly to the in/out storage station can be 
divided into two transportation functions. In this case, 
the second transportation function of higher priority 
involves the removal of the data carrier from the read/- 
write station (maximizing the available capacities here, 
too!) and the temporary storing of the data carrier in the 
intermediate store or an area of the data carrier store 
defined as such. The first transportation function with 
low priority then transports the data carrier to the in/- 
out storage station once a storage position becomes free 
there and/or once there is no request for a transporta 
tion function with higher priority. 

During continuous operation, in particular in the 
sorting of the priorities and the division of several func 
tions into two transportation functions, a "queue' may 
form for transportation functions with lower priority 
which is then processed when no requests for transpor 
tation functions with higher priority are received. 
Transportation functions with identical priority are 
preferably lined one behind the other in accordance 
with their time sequence. 

It is, of course, possible to limit the length of the 
"queue" and when this limit is reached, to change the 
priorities of the transportation functions-tem 
porarily-so as to exclude failure to carry out the trans 
portation functions with low priority over longer peri 
ods of time and overloading of the storage areas defined 
as intermediate stores. 

In a preferred method, prior to removal from the data 
carrier store or also from the in/out storage station, the 
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data carriers to be transported are identified via a mark 
which can be sensed from outside. In the event of 
wrongly sorted data carriers in the data store or in the 
in/out storage station, this procedure avoids unneces 
sary transportation of the data carrier, for example, to 
the read/write station where similarly only the lack of 
identity with the requested data carrier could be ascer 
tained. 

Optical and/or magnetic identification carriers are 
preferably used as marks. The optical identifications are 
preferably in the form of a bar code applied to the data 
carrier, preferably its cover. The handling device, in 
particular the gripper of the handling device, is 
equipped with a corresponding sensing device or read 
ing device. 

In this case, provision may be additionally made for 
the handling device to determine the exact position of 
the data carrier prior to removal of the data carriers 
from the respective stations, in particular from the data 
carrier store. This may, for example, be carried out by 
the exact position of an adjustment or orientation mark 
on the data carrier being detected and self-adjustment of 
the handling device being thereby effected. This en 
sures that the data carrier can be gripped and trans 
ported by the handling device in such a way that the 
data carrier is always in a defined position in relation to 
the handling device. This avoids undefined insertion of 
the data carriers into both the stores and the read/write 
devices or loss of an inadequately gripped data carrier 
during the transportation. 

In particular in connection with equipping the data 
carriers with marks which can be sensed from outside, it 
is recommendable, as supplementation thereto, after 
insertion of the data carrier in the read/write station, to 
first determine and compare an identification applied to 
the data carrier itself with the identification ascertained 
by the handling device. This similarly serves to check 
whether the mark on the data carrier is correct. Since 
the marks are usually applied to the data carrier cover 
by hand, there are possibilities of errors here which in 
accordance with the inventive method can be detected 
during the first use of the data carrier. 
The data carriers where a different identification is 

ascertained on the mark and on the data carrier are 
either sorted out and filed separately or returned to the 
store and barred from further use. It is also conceivable 
to separate and transport the data carrier to a station 
where the correct designation is applied. 

For accurate access to the data carriers in the data 
carrier library, it is necessary for the corresponding 
positions of the data carriers to be stored in the storage 
area of the computer and/or of the control device. This 
position storing, also referred to as library directory, 
increases the reliability of access to a data carrier, in 
particular in the case of redundant keeping of the li 
brary directory. 
Although the transportation functions of the handling 

device are preferably called up and selected fully auto 
matically by a computer, provision may be made for the 
transportation functions to be additionally or alterna 
tively selectable by operating staff. The operating staff 
then transfers the control commands directly to the 
control device via a console. This has the advantage 
that even in the event of interruption of the connection 
between the computer and the control device, opera 
tion of the automatic data library is possible, with the 
selection lists being sent from the computer to the oper 
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ator who then passes on the transportation functions via 
the console to the control device. 
With this procedure, it is, above all, recommendable 

for the positions of the data carriers in the store of the 
control device and the requesting computer to be up 
dated separately, even if acknowledgement cannot be 
sent from the control device to the computer. With this 
procedure, after the connection between computer and 
control device has been reestablished, a comparison of 
the data carrier positions (library directory) stored in 
the control device and the computer can then be addi 
tionally carried out and, if appropriate, a request list for 
transportation functions compiled by the computer and 
the identity between the data carrier positions stored in 
the control device and the computer reestablished in the 
course of the processing thereof. 
The above-explained three method components 

within a method for operating an automatic data carrier 
library, namely 

(a) the operating of the data carrier library via trans 
portation functions with different priority, 

(b) the checking of the data carrier identity and 
(c) the redundant keeping of the library directory and 

the possibility of operating the data carrier library 
independently of the direct connection between 
computer and control device, for example, by op 
erating staff 

are each in themselves methods for which protection is 
claimed independently of one another. 

In the combination of the individual method compo 
nents, however, an excellent error tolerance of the en 
tire method is achieved. This makes 24-hour, non-oper 
ator operation possible and, in addition, even in the 
event of failure of the direct connection between com 
puter and control device, permits further maintenance 
of operation of the data carrier library, where appropri 
ate, by operating staff and, if desired, after reestablish 
ment of the direct connection between computer and 
control device, automatic comparison between the re 
dundant library directory kept in the computer and in 
the control device. 
A further object of the invention is to so develop an 

automatic data carrier library that, in particular, it is 
suited for performance of one of the above-described 
methods. 
The known automatic data carrier libraries comprise 

in addition to the data carrier store and the read/write 
device communicating with the computer, a handling 
device which selects from the large number of data 
carriers present in the data carrier library the requested 
individual data carrier and places it in the read/write 
device for processing. In order to keep the data files in 
the data carrier library variable and flexible, and, in 
particular, to enable the entire data carrier library to be 
accommodated in a closed-off room, as is also custom 
ary for the central computer, with simultaneous guaran 
tee of a maximum of availability, data security and data 
privacy, an in/out storage station is provided to connect 
the spatially closed-off data carrier library with the 
outside world. Via the in/out storage station, data carri 
ers can be exchanged with the environment and unre 
corded or rerecordable data carriers can be let into the 
data carrier library for recordal of new data. For main 
tenance of the read/write devices, it is similarly neces 
sary for cleaning devices in the form of a data carrier, 
for example, in the case of use of data tape cassettes, 
so-called cleaning cassettes, also referred to as cleaning 
data carriers, to be let into the data carrier library so the 
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read/write devices can be subjected to a cleaning cycle 
at regular intervals. 
As described previously, the employment to capacity 

of a data carrier library and the employment to capacity 
of the handling device for transporting the data carriers 
within the data carrier library are subject to large varia 
tions with time. Substantially full employment of the 
transportation capacity within the data carrier library is 
regularly achieved at times when the routine data 
backup processing of the data processing system is 
being carried out. Since at this time the user does not 
have access to a large part of the data otherwise avail 
able and hence use of the data processing system is only 
possible with limitations, if at all, it is desirable to keep 
this period of time as short as possible. 

Since new or rerecordable data carriers usually have 
to be let in from outside via the in/out storage station 
for the data backup processing, the transportation func 
tions for bringing about transportation between the 
in/out storage station and the read/write stations are 
more frequent at these times. 
During the remaining operation time of the data car 

rier library as quick access as possible to the data carri 
ers kept in storage and the data files kept thereon is of 
paramount interest and it is, therefore, necessary for the 
data carrier stores to be arranged within the proximity 
of the read/write devices so as to enable as short trans 
portation paths as possible for the data carriers which 
have already been recorded. 
For this reason, the in/out storage station within the 

data carrier library is arranged by way of necessity at a 
more remote location from the read/write devices. 

Proceeding from this situation, the object underlying 
the present invention is to enable quick availability also 
of the data carriers required for the data backup pro 
cessing. 
This object is accomplished in accordance with the 

invention in an automatic data carrier library of the 
previously described kind by an intermediate store for 
data carriers being arranged adjacent to or within close 
access to the read/write station. 
This intermediate store is preferably arranged di 

rectly beside or above the insertion openings for the 
data carriers in the read/write station. These intermedi 
ate stores are occupied, in particular, by unrecorded or 
rerecordable data carriers which are let into the data 
carrier library via the in/out storage station. 

In special cases, this intermediate store may, how 
ever, also be used for depositing data carriers which on 
a statistical average are requested by the computer con 
siderably more often than other data carriers. 

For the organization of the data carrier library, this 
brings the advantage that data carriers for which there 
is a standard requirement at times of high employment 
of the handling device in the data carrier library can be 
transferred to the direct proximity of the read/write 
stations at times of lower employment, for example, the 
data carriers to be freshly recorded or rerecorded re 
ferred to previously. This shortens the transportation 
time of the data carriers required most often at peak 
times from the hitherto customary 15 to 20 seconds to 
only 6 to 8 seconds and, therefore, with a library of 
identical size, for example, the time required for the 
backup processing can be substantially reduced or a 
backup of more voluminous data files can be made on 
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The normal operation of the data carrier library is in 

no way influenced by the use of the inventive method as 
the transportation of the recordable data carriers from 
the in/out storage station to the intermediate store can 
be allocated the lowest priority so this transportation 
function can be interrupted by the request for a trans 
portation with higher priority, for example, by the re 
quest for a data carrier from the data carrier store for 
the read/write station or the request for its transporta 
tion back to the data carrier store. 

In principle, the area located next to the read/write 
station or the areas located near to it could also be de 
fined as intermediate stores for rerecordable data carri 
ers which have been let in, for performance of the in 
ventive method, however, narrow spatial limits are set 
here and, therefore, with this solution the capacity of 
such an intermediate store would be very limited. Also, 
in the event of use of rotary towers for construction of 
the data carrier store, it cannot be guaranteed that the 
rotary tower storage areas available in this case for 
recordable data carriers are always in a position accessi 
ble to the handling device if operation of the rotary 
tower in the making available of other data carriers, too, 
is not to be limited. 

Moreover, in the majority of cases, a longer transpor 
tation time will still prove necessary as the arrangement 
of the data carrier shelves and likewise the rotary tow 
ers used must also be governed by the criterion of good 
space exploitation. The arrangement of an additional 
intermediate store for data carriers adjacent to the 
read/write station does, however, permit alignment of 
the intermediate store and the data carriers to be posi 
tioned therein with the in/out openings of the read/- 
write devices and optimal arrangement in relation to the 
insertion openings of the read/write devices, 
This special alignment of the intermediate store posi 

tions of the data carriers with the in/out openings of the 
read/write stations does, however, offer a further time 
advantage for the transportation of the data carriers 
requested most often within a short period of time, 
typically the recordable data carrier for the data backup 
processing. 
The data carriers are preferably positionable in the 

intermediate store such that they assume therein a posi 
tion which is substantially parallel to that in the read/. 
write device. Hence the movement of the data carriers 
during transportation from the intermediate store to the 
read/write device can be reduced to a minimum, in 
particular, rotary motion of the handling device is elimi 
nated. 

It is particularly expedient in the inventive data car 
rier library for the handling device to be movable along 
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data carriers within a constant period of time for the 
data backup processing. 

a track. 
The track is expediently placed so as to extend along 

the read/write station and along the data carrier store. 
Furthermore, an in/out storage station is preferably 

provided in addition. 
A particularly expedient arrangement is achieved by 

the in/out storage station being arranged at one end of 
the track. 
The arrangement of the intermediate store has not yet 

been discussed in detail. It has proven particularly expe 
dient for the intermediate store to be arranged so as to 
travel along on the handling device as, in this case, the 
intermediate store is not only always within close access 
to the handling device and the read/write station when 
the handling device wants to insert a data carrier in this 
station but also within close access to the handling de 
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vice when the latter wants to grip a data carrier from a 
position in the data carrier store or in an in/out storage 
station or insert it therein. 
The arrangement of the inventive intermediate store 

for close access is particularly expedient when the inter 
mediate store is arranged within the gripping range of 
the handling device standing in a position with access to 
the read/write station. 

In a further preferred arrangement of the inventive 
intermediate store, provision is made for the latter to be 
arranged above the read/write station. 
A robot with seven degrees of freedom of movement 

is expediently chosen as handling device, with one de 
gree of freedom constituting a travel movement within 
the library and three degrees of freedom being available 
for rotary movements. 
Automatic data carrier libraries which are operated 

with the inventive method presented hereinabove can 
be hermetically sealed off from the environment during 
operation. In particular, it is possible for the data carrier 
exchange with the outside world to be carried out 
solely via the in/out storage station and for operating 
staff to be granted admission for maintenance work 
only. This is possible, in particular, in view of the high 
error tolerance of the method presented hereinabove 
and so an optimum availability of the administered data 
with simultaneous data security and data privacy is 
possible. In particular, substantial isolation of the rooms 
serving to accommodate the data carrier library and 
excellent admission control are possible. In particular, 
the inventive automatic data carrier library can be ac 
commodated in special data security rooms which, for 
example, provide protection against magnetic radiation, 
screening protection against the radiation of electro 
magnetic waves or against electromagnetic pulses. 
The control device required for the handling device 

may either be a part of the central computer or part of 
the actual data carrier library. Standard microcomput 
ers or programmable control systems which are integra 
table into the handling device itself and are equipped 
with a storage area for storing the data carrier positions 
in the data carrier store, i.e., for storing and updating 
the library directory, are, for example, suitable for this 
purpose. 
The following graduation of the priorities of the 

transportation functions is, for example, suitable for 
operation of such an automatic data carrier library: 
(a) Transportation Functions With Highest Priority 
So-called volume mounts or volume keeps where a 

data carrier is removed from the data carrier store of the 
data carrier library and transported by the handling 
device to the read/write station or is removed from the 
read/write station and returned to the place provided 
for it in the data carrier store. Parallel or alternatively to 
this, a so-called scratch mount can be allocated the 
highest priority. Here a recordable data carrier is 
brought either from the intermediate store or from the 
in/out storage station to the reading device or a freshly 
recorded data carrier is brought to an empty position in 
the data carrier store. 

(b) Transportation Functions With Higher Priority 
So-called mounts or keeps of cleaning data carriers 

which in accordance with a predetermined number of 
volume or scratch mounts, possibly with a certain toler 
ance with respect to the number of procedures, are 
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12 
inserted in the read/write devices for maintenance of 
the read/write heads of the devices. 

In this connection, it is important that records be kept 
on use of the cleaning data carriers designed for multi 
ple use and that these be automatically set aside after a 
maximum number of cleaning cycles. 

(c) Comparable, i.e., Higher Priority w 

is allocated to so-called foreign data carriers which 
are made temporarily available by other computing 
centers or computers and data carrier libraries and 
which are not integrated into the data carrier library. 
These data carriers are removed from a predefined area 
of the in/out storage station and brought to the read/- 
write station. After use of the foreign data carriers, 
these are returned to the in/out storage station. 

(d) The Lowest Priority 
is allocated to the transportation function of so-called 

scratch data carriers from the in/out storage station to 
the intermediate store. This transportation function can, 
however, be declared a continuous or basic function 
until the intermediate store is adequately supplied with 
the scratch data carriers. 

It is, furthermore, conceivable for a reorganization of 
the data carrier library to be carried out as additional 
basic function, with, for example, the data carriers re 
quested most often being deposited in the positions of 
the data carrier stores located closest to the read/write 
devices. 
Aside from the method aspects referred to at the 

beginning as essential to the invention, the above-men 
tioned apparatus aspects are also essential to the inven 
tion and, therefore, protection is also sought for these 
individually and in their entirety. 
These and further advantages will be explained in 

more detail in the following with reference to the draw 
ings. These show in detail: 

FIG. 1-a perspective view of an inventive data car 
rier library; 

FIG. 2-a plan view of a data carrier library; 
FIG. 3-an illustration, by way of example, of a mark 

which is to be applied to a data carrier; 
FIGS. 4(a) and 4(b)-flow charts for a preferred 

embodiment of the inventive method for checking the 
identification of a data carrier; 

FIG. 5-flow chart 1 for an example of a transporta 
tion function with highest priority; 
FIG. 6-flow chart 2 for a further example of a trans 

portation function with highest priority; 
FIG. 7-flow chart 3 for an example of a second 

transportation function; 
FIG. 8-flow chart 4 for a further example of a sec 

ond transportation function; 
FIG. 9-flow chart 5 of a transportation function 

with higher priority; 
FIG. 10-flow chart 6 of a further transportation 

function with higher priority; 
FIG. 11-flow chart 7 of a further transportation 

function with higher priority; 
FIG. 12-flow chart 8 of a further transportation 

function with higher priority; 
FIG. 13-flow chart 9 for an example of a first trans 

portation function; 
FIG. 14-flow chart 10 for a further example of a 

first transportation function; and 
FIG. 15-flow chart 11 of a transportation function 

with lowest priority. 
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The data carrier library 10 shown in a perspective 
view in FIG. 1 comprises a data carrier store comprised 
of rotary towers 12 arranged on either side of a rail 
assembly 14 designed for travel of a data carrier han 
dling device 16 thereon. A read/write station 18 for 
data carriers comprising several data carrier drives 20a, 
b, c is also arranged along the rail assembly 14. A first 
intermediate store 22 for data carriers in which, in par 
ticular, unrecorded or rerecordable data carriers are 
held in readiness for the data backup processing is ar 
ranged directly above the read/write station 18. 
The data carrier library shown in FIG. 1 operates 

with tape cassettes 24 serving as data carriers which are 
stored in defined positions by means of spacers in the 
rotary towers 12. The handling device or the robot 16 
has seven degrees of freedom. Three of the degrees of 
freedom are allocated to rotary movements which re 
late to the swivelling of the robot top part 26 and the 
gripper 28 articulated on the robot top part 26. In this 
data carrier library, both rotary movements take place 
about parallel axes of rotation as the tape cassettes 24 in 
the library 10 are already stored in the position in which 
they are to be inserted in insert/eject openings 30 of the 
drives 20a, b, c. The three drives 20a, b, c are illustrated 
in different modes of operation, i.e., drives 20a and b do 
not contain a data carrier in the illustrated state, 
whereas a data carrier or tape cassette 24 is inserted in 
drive 20c and the eject opening 30 is, therefore, closed 
by a cover 32. 
The handling devices 16 are preferably each pro 

vided with a second intermediate store 22c-as illus 
trated in dashed lines in FIG. 1 and in a plan view in 
FIG. 2-which is movable together with these along 
the rail assembly 14. Hence this second intermediate 
store 22c is always within the gripping range of the 
gripper 28. 
The tape cassettes 24 comprise on a narrow side 

thereof a mark 34 which preferably carries optical or 
magnetic information which can be sensed by a corre 
sponding sensor 29 of the gripper 28 (FIG. 3). 

FIG. 2 shows a plan view of an inventive data carrier 
library 10 wherein two robots 16a and 16b are provided 
in order to increase the handling capacity of the data 
carriers. In addition to the rotary towers 12 for the tape 
cassettes which have already been archived, intermedi 
ate stores 22a and 22b are directly associated with 
read/write stations 18a and 18b, respectively, in this 
data carrier library. Above all, these serve to hold in 
readiness empty cassettes or rerecordable cassettes 24 
which are delivered to the library 10 via an in/out stor 
age station 36. 
Such data carrier libraries are disclosed, for example, 

in U.S. patent application Ser. No. 07/391,284, filed 
Sep. 8, 1989, to the contents of which reference is made 
in full. 
Air conditioners 39, 40 ensure a uniform temperature 

and air humidity level within the data carrier library 10. 
The data library 10 is divided up into two chambers 

46,47 which can be closed off from each other by doors 
41, 42, 43. Chamber 46 accommodates the actual data 
carrier library, while chamber 47 serves as environmen 
tal lock and/or as operator room. Chamber 47 connects 
the data carrier library with the outside world via the 
double door 48 and grants the operating staff admission 
to the data library for maintenance work. 
The in/out storage station 36 is in the form of a shelf 

and defines the only entry and exit point for data carri 
ers of the data carrier library 10. During normal opera 
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tion, the in/out storage station 36 is closed off from the 
outside world by a door 50. 
The entire data carrier library is controlled by a con 

trol device designated 52 in FIG. 2 which has stored all 
information on the data carrier library and receives 
requests for individual data carriers from a large-scale 
computer 54 via a connection line. 
The inventive data carrier library operates as follows: 
It will be assumed that the large-scale computer 54 

requests the control device 52 to transport a data carrier 
bearing the identification X from the data carrier store 
12 to the read/write station 18, for example, position B. 
This transportation procedure cited as example does 

not have to be a selected transportation procedure 
within the meaning of the claims but may also be a 
non-selected transportation procedure. It is, however, a 
question of the direct request for a data carrier in the 
read/write station in position B and so in accordance 
with the invention this request is also allocated highest 
priority. Hence in flow chart 1 (FIG. 5) priority 100, 
i.e., the highest possible priority is noted for this trans 
portation function. 

In accordance with the inventive method, a check is 
first made as to whether the read/write station in posi 
tion B is free, i.e., whether there is no data carrier in it. 
If this is not the case, the procedure is as set forth in 
flow chart 2 or flow chart 4 which will be explained 
hereinbelow. If this is the case, the handling device 
approaches the requested data carrier bearing the iden 
tification X in position A in the data carrier store and 
transports it to the read/write station in position B. 

After termination of this transportation, it is deter 
mined in accordance with the inventive method 
whether a further transportation function with highest 
priority is to be carried out or not. If this is not the case, 
the next transportation function in descending order of 
priority is carried out, if this is the case, the further 
transportation function with highest priority is carried 
Out. 

In general, if there are several transportation func 
tions with highest or identical priority, the procedure in 
accordance with the inventive method is such that these 
are processed according to the arrival of their request in 
the control device 52, i.e., according to their time se 
quence. 

In flow chart 2 (FIG. 6) representing transportation 
of a data carrier from a read/write station to the data 
carrier store, it is similarly not a question of a selected 
transportation function but a non-selected transporta 
tion function, likewise with priority 100, which, in par 
ticular, is necessary in order to be able to proceed, in the 
event of there being a data carrier in a read/write sta 
tion, as illustrated in flow chart 1, if a further data car 
rier is to be inserted in this read/write station. 
Aside from that, in flow chart 2 according to FIG. 6, 

the procedure is the reverse of that according to flow 
chart 1 and it is likewise determined after completion of 
the transportation to be carried out whether a further 
transportation function with highest priority is re 
quested, and if so, this is carried out, if not, the next 
transportation function in the descending order of pri 
ority is performed. 
The transportation function illustrated in FIG. 7, i.e., 

in flow chart 3, which likewise has priority 100, relates 
to part of a selected transportation procedure, namely 
the second transportation function thereof, which is 
likewise performed with highest priority. 
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Hence when the large-scale computer 54 requests a 
data carrier in the read/write station in position B, a 
check is first made as to whether this is free. If this is not 
the case, it is cleared in accordance with flow chart 2 or 
4. If this is the case, the data carrier bearing the identifi 
cation Y in the intermediate store in position B is trans 
ported to the read/write station in position B. 

After termination of the transportation, a check is 
likewise made as to whether a further transportation 
function with highest priority is requested and, if this is 
the case, this is carried out, and the next transportation 
function in the descending order of priority is per 
formed. 
Flow chart 4, illustrated in FIG. 8, likewise relates to 

a second transportation function which represents part 
of a selected transportation procedure. This second 
transportation function-in contrast with the second 
transportation function according to flow chart 3-is 
not preceded by a first transportation function but is 
followed by a first transportation function, i.e., trans 
portation from the intermediate store to, for example, 
the data carrier store or the in/out storage station. 

In this embodiment according to flow chart 4, too, 
after performance of the transportation function, i.e., 
transportation of the data carrier bearing the identifica 
tion Y" in the read/write station in position B to the 
intermediate store in position B, it is ascertained 
whether a further transportation function with highest 
priority is requested and if so, this is carried out, if not, 
the next transportation function in the descending order 
of priority is performed. 
Flow chart 5, illustrated in FIG. 9, relates to a trans 

portation function which is allocated priority 80, i.e., a 
priority which does not represent a highest priority but 
merely a high priority in the priority list of from 10 to 
100 used by way of example. 

In flow chart 5 of FIG. 9, insertion of a cleaning data 
carrier bearing the identification R in the read/ write 
station in position B is described. The uses of the read/- 
write station in position B are first counted continuously 
by the control device 52 and after the predetermined 
number of uses has been reached, the cleaning proce 
dure which triggers the transportation function with 
high priority illustrated in flow chart 5 is activated. 
This transportation function transports the cleaning 

carrier bearing the identification R from its position E in 
the data carrier library to the read/write station in posi 
tion B. 
Owing to the fact that this transportation function 

merely has a high priority, but not the highest priority, 
it may be that this transportation function will not be 
carried out at precisely the exact time but only when no 
transportation function with highest priority, i.e., no 
transportation function according to flow charts 1 to 4, 
is requested. 

After termination of the transportation function ac 
cording to flow chart 5, a check is then likewise made as 
to whether a transportation function with higher prior 
ity is to be carried out and in the absence of such, the 
next transportation function in the descending order of 
priority is performed. 
The transportation function according to flow chart 6 

has the same priority as that according to flow chart 5 
and relates to the transporting of the cleaning data car 
rier bearing the identification R' back into position F in 
the data carrier library. 
This return transportation of the cleaning data carrier 

is carried out with exactly the reverse procedure as 
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illustrated in flow chart 5. However, as additional fea 
ture, use of the cleaning data carrier bearing the identifi 
cation R' is noted in the user store for it and at the same 
time a check is made as to whether the predetermined 
maximum number of uses of this cleaning data carrier 
has been reached. 

If this is the case, the cleaning data carrier bearing the 
identification R' is barred from further use in the data 
carrier library and a further cleaning data carrier is 
released for use. 

Following this, it is ascertained whether a transporta 
tion function with higher priority is to be carried out or 
whether one can proceed to a transportation function 
with low priority. 

If the maximum number of uses of the cleaning data 
carrier bearing the identification R' has not been 
reached, one then skips directly to ascertaining whether 
a further transportation function with higher priority is 
to be carried out or not. 

If a foreign data carrier deposited in the in/out stor 
age station is to be read in the inventive data carrier 
library, the transportation functions according to flow 
charts 7 or 8, illustrated in FIGS. 11 and 12, are carried 
out. These similarly have a high priority but, for exam 
ple, range after the transportation functions according 
to flow charts 5 and 6 in the order of priority. 

After transportation of the foreign data carrier bear 
ing the identification T to a read/write station in posi 
tion B according to flow chart 7 or return transporta 
tion from this read/write station in position B to the 
in/out storage station, it is ascertained whether a further 
transportation function with higher priority is requested 
and if so, this is carried out, if not, one proceeds to the 
next transportation function in the descending order of 
priority. 

Alternatively, however, transportation of a data car 
rier from the in/out storage station to the read/write 
station can also be performed as transportation function 
with highest priority, namely when the information on 
the foreign data carrier is directly requested by the 
large-scale computer 54 and it is not merely a question 
of transfer of the information from this foreign data 
carrier to a data carrier of the data carrier library inde 
pendently of operation of the large-scale computer 54, 
which was the basis for determining the priority of the 
transportation function according to flow charts 7 and 
8. 
The embodiment illustrated in FIG. 13 of an inven 

tive first transportation function to which a low priority 
is allocated relates, for example, to the transfer of re 
cordable data carriers from the in/out storage station to 
the data carrier library. 
Such recordable data carriers-bearing, for example, 

the identification S-in the in/out storage station are 
delivered to the inventive data carrier library and, for 
example, used to make the backup copies requested by 
the large-scale computer 54 for the disk drives of the 
large-scale computer. 

This transportation function, by way of example, 
ascertains whether a recordable data carrier bearing the 
identification S is present in the in/out storage station 
and if so, this data carrier bearing the identification S is 
gripped in the in/out storage station and transported to 
the intermediate store in position I, and at the end it is 
again ascertained whether a transportation function 
with higher or lower priority is to be carried out. 

In the absence of requests from the large-scale com 
puter 54 for data carriers, in accordance with the inven 
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tive method, the data carriers 24 required for the data 
backup processing are preferably taken from the in/out 
storage station 36 and deposited in the intermediate 
stores 22a and 22b, as described in the flow chart of the 
Figure, at times when the robots 16a and 16b are under 
less stress. This transportation function is allocated low 
priority and is, for example, performed so long as there 
are still data carriers for the data backup processing in 
the in/out storage station 36. - 

In the same way as a recordable data carrier is trans 
ported from the in/out storage station to the intermedi 
ate store according to flow chart 9, a data carrier which 
has been released, for example, by the control device 52 
in any other position in the data carrier store, can, how 
ever, also be transported by the first transportation 
function illustrated in FIG. 9 to the intermediate store. 
The first transportation function illustrated in flow 

chart 9 of FIG. 13 is, for example, a first transportation 
function preceding the second transportation function 
according to flow chart 3. 
A further first transportation function is illustrated in 

flow chart 10. This preferably relates to a first transpor 
tation function, i.e., removal of the data carrier bearing 
the identification Y from the intermediate store follow 
ing the second transportation function according to 
flow chart 4. 

Further variants of the first transportation function 
carried out in accordance with flow chart 10 are, how 
ever, also conceivable, for example, transportation of a 
data carrier from the intermediate store to the in/out 
storage station. 

In accordance with the inventive method, the trans 
portation function according to flow chart 11 (FIG. 15) 
is carried out as continuous function. This transporta 
tion function relates to the resorting of the data carrier 
store 12 in such a way that the data carriers most often 
requested by the large-scale computer are resorted into 
the data carrier store such that these are arranged, as far 
as possible, adjacent to and hence as near as possible to 
the read/write stations. 

This resorting is carried out continuously whenever 
there are no further requests for data carriers from the 
large-scale computer and also all first transportation 
functions have been performed. In accordance with 
flow chart 11, illustrated in FIG. 15, with the continu 
ous function the data carrier store is constantly resorted 
such that in the end all data carrier stores that are often 
required can be reached by the handling device on as 
short a path as possible. 

If the control device 52 of the data carrier library 
receives a request for a data carrier 24 from one of the 
rotary towers 12 during performance of the continuous 
function, the continuous function is interrupted and 
transportation of the data carrier from the store to the 
reading station, which has higher priority, is carried 
Out. 
To describe, by way of example, the inventive proce 

dure, illustrating access of the gripper 28 to a data car 
rier, taking into consideration the mark 34 and all identi 
fications, it will be assumed, in accordance with the 
inventive method, that the large-scale computer 54 
communicates to the control device 52 of the data car 
rier library that it requires the contents of the data car 
rier bearing the identification X. 

In this case, the individual steps presented in the flow 
chart in FIG. 4 are carried out by the control device 52 
in accordance with the inventive method. 
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This means that as first step a check is made as to 

whether the data carrier bearing the identification X is 
noted in the library directory of the control device 52 as 
a data carrier that is present in the data carrier library. 

If this is not the case, an error is immediately reported 
and the next transportation function is performed. 

If this is the case, the control device 52 then reads the 
position data of the data carrier from the library direc 
tory. This indicates, for example, the position A in one 
of the rotary towers 12 of the data carrier store. 
As next step, the control device 52 checks whether it 

is noted in the library directory that the data carrier 
bearing the identification X is barred from use. 

If this is the case, an erroris reported. If this is not the 
case, a transportation function, i.e., a complete program 
is called up by the control device 52 which moves the 
handling device with the gripper 28 and positions it in 
accordance with the position data filed in the library 
directory for the data carrier bearing the identification 
X such that in a reading position the sensor 29 is capable 
of reading the mark 34 of the data carrier in position A. 
This reading position is automatically calculatable for 
the control device 52 if the position data are known, as 
the mark 34 is only applied to a defined point on the 
data carrier cover 25. 
To remove the data carriers 24 from the data carrier 

store, i.e., the rotary towers 12, the mark 34 on the data 
carrier cover 25 is first read by the sensor 29 on the 
gripper 28 and the identity of the data carrier deter 
mined via the outside identifying information. 
FIG.3 shows by way of example a mark 34 on a data 

carrier with optically recorded information in the form 
of a bar code 52, the marking elements of which are 
low-reflecting strips against a background. This mark 
34 is preferably applied to a narrow side of the data 
carrier 24. 
The control device 52 controls the handling device 

such that the sensor 29 can read the mark fully. 
The mark 34 is first read such that the outside identifi 

cation is accessible to the control device 52 which then 
compares this with the identification X. This compari 
son is necessary in order for the control device to know 
that the handling device has not moved to the wrong 
data carrier. 

If the outside identification is not identical with the 
identification X, an error is reported and the next trans 
portation function is performed. 

If the outside identification is identical with the iden 
tification X, the sensor 29 is controlled further for rec 
ognition of the position of the data carrier. 

For this purpose, the data carrier contains position 
identifying information, for example, in the form of a 
rectangular point as marking element which is used by 
the handling device 16 to determine the exact position 
of the data carrier 24 in its store position. Self-adjust 
ment of the system is carried out with the aid of this 
position recognition. 
With this procedure, undefined gripping and inser 

tion of the data carriers in both the data carrier store 
and the read/write devices or loss of a data carrier 
owing to inadequate gripping by the gripper 28 during 
transportation are reliably avoided. 
The handling device 16 now grips the data carrier in 

position A and transports the data carrier from position 
A to position B in which it is then inserted in the reading 
station in position B. 
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In addition, the control device 52 notes for the data 
carrier bearing the identification X in the library direc 
tory that this data carrier is now in position B. 

After insertion of the data carrier in the reading sta 
tion in position B, for example, reading station 18a or 5 
reading station 18b, the inside identification made on the 
data carrier material itself, i.e., the data carrier tape, is 
read by the data carrier tape being played and com 
pared with the outside identification on the data carrier 
cover which was read when the data carrier was 10 
gripped. 

If the inside identification and the outside identifica 
tion are not identical, the data carrier in question is 
barred from further use in the data carrier library. 

This is done firstly by a bar being noted for this data 15 
carrier in the library directory. 

In addition, a report is sent to the operator that the 
outside identifying information on the data carrier in 
serted in the reading station in position B is wrong. 
Finally, the data carrier is transported to an in/out 20 
storage station and kept in readiness for amendment of 
the mark on the data carrier cover 24. 

Alternatively, it is also conceivable for the data car 
rier not to be transported to the in/out storage station 
but back into the data carrier store and filed there until 25 
the data carrier is to be removed from the data carrier 
store and corrected. This storing in the data carrier 
store does not create problems because the bar is noted 
in the library directory and prior to transportation of a 
data carrier from the data carrier store to a read/write 30 
station, a check is made as to whether a bar is imposed 
on the data carrier to be transported or not and in the 
event of a bar, an error is reported and the next trans 
portation function performed so no further time-con 
suming, erroneous transportations of data carriers oc- 35 
C. 

If the inside identification is identical with the outside 
identification, the reading station reads, for example, the 
data on the data carrier material, i.e., the data tape. 
Then, after completion of the reading, the data car- 40 

rier is transported back into the data carrier store, and 
the control device 52 notes the position of the data 
carrier bearing the identification X in the data carrier 
store by this being kept in the library directory. 

In each case, after the data carrier has been trans- 45 
ported back into either the in/out storage station or the 
data carrier store, one proceeds to the next transporta 
tion function or alternatively to the basic function 
again. 
The operational reliability of the inventive data li- 50 

brary 10 is improved by the storing of the individual 
data carrier positions within the data carrier library, in 
particular within the data carrier store, being carried 
out in both the central computer and the control system 
belonging to the library in the form of the library direc- 55 
tory which is preferably provided in a store thereof. 
The redundant treatment of the library directory in 
both the store of the computer and the store of the 
control system gains importance particularly when a 
direct connection between the central computer and the 60 
data library 10 breaks down, as there is then the possibil 
ity for the central computer to transfer information to 
the library via a different channel, for example, via the 
printing-out of request lists, the contents of which are 
then communicated to the control device by the opera- 65 
tor via the console. During this emergency operation, 
the library directories in the central computer and in the 
control system are separated and carried on without 

acknowledgement, which otherwise occurs in the event 
of successful transfer of cassettes. 
Once the direct connection between the control sys 

tem and the central computer has been reestablished, a 
comparison of the library directories may be carried 
out. A list of commands or requests can then be com 
piled by the central computer for the purpose of com 
parison of the library directories in the restart phase. 
These measures provide a maximum of error toler 

ance in the operation of the data carrier library 10, with 
simultaneous maximizing of the availability of the data 
present in the library for the central computer. 
We claim: 
1. Method for operating an automatic data carrier 

library which is associated with a computer as a data 
storing facility, 

said library comprising various stations, a plurality of 
said stations being data carrier stores and at least 
another of said stations being a read/write station 
for said data carriers, 

said library further comprising means for carrying 
out transportation procedures of said data carriers 
between one and another of said stations and a 
control device for controlling said transportation 
procedures, wherein 

said method comprises: 
using transportation procedures for transporting one 
of said data carriers between a first one and a sec 
ond one of said stations, each of said transportation 
procedures comprising at least one transportation 
function having a priority associated therewith; 

separating said transportation procedures into inter 
nal transportation procedures for rearranging said 
data carriers within said plurality of data carrier 
stores and into direct request transportation proce 
dures for transporting a data carrier from its data 
carrier store directly into said read/write station; 

providing said transportation functions of said inter 
nal transportation procedures with priorities which 
are lower than the priorities of said transportation 
functions of said direct request transportation pro 
cedures; 

arranging called-up transportation functions in a se 
quence within said control device; and 

executing a transportation function with a higher 
priority with precedence over a transportation 
function with a lower priority. 

2. Method for operating an automatic data carrier 
library said library being associated with a computer as 
a data storing facility, 

said library comprising various stations, a plurality of 
said stations being data carrier stores and at least 
another of said stations being a read/write station 
for said data carriers, 

said library further comprising a transport device for 
carrying out transportation procedures of said data 
carriers between one and another of said stations 
and a control device for controlling said transpor 
tation procedures, wherein 

said method comprises: 
using transportation procedures for transporting one 

of said data carriers between a first one and a sec 
ond one of said stations, each transportation proce 
dure comprising at least one transportation func 
tion having a priority associated therewith; 

separating said transportation procedures into inter 
nal transportation procedures for rearranging said 
data carriers within said plurality of data carrier 
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stores and into direct request transportation proce 
dures for transporting a data carrier from its data 
carrier store directly into said read/write station; 

providing said transportation functions of said inter 
nal transportation procedures with priorities which 5 
are lower than the priorities of said transportation 
functions of said direct request transportation pro 
cedures; 

arranging called-up transportation functions in a se 
quence within said control device; and 

executing a transportation function with a higher 
priority with precedence over a transportation 
function with a lower priority. 

3. Method as defined in claim 1, wherein in the event 
a data carrier is located in a read/write station, prior to 
transportation of a further data carrier to this read/. 

10 

5 

write station, removal of said data carrier located 
therein is carried out prior to transportation of said 
further data carrier. 

4. Method as defined in claim 1, wherein an in/out 20 
storage station is provided as further station. 

5. Method as defined in claim 4, wherein said trans 
portation procedures involving said in/out storage sta 
tion are carried out in accordance with said transporta 
tion procedures involving said data carrier stores. 

6. Method for operating an automatic data carrier 
library which is associated with a computer as a data 
storing facility, 

said library comprising various stations, a plurality of 
said stations being data carrier stores and at least 30 
another of said stations being a read/write station 
for said data carriers, wherein 

said method comprises: 
using a transportation procedure for transporting said 

data carriers between a first one and a second one 
of said stations, each transportation procedure 
comprising at least one transportation function 
having a priority associated therewith; 

separating said transportation procedures into inter 
nal transportation functions for rearranging said 
data carriers within said plurality of stores and 
direct request transportation functions for trans 
porting a data carrier from its data carrier store 
directly into said read/write station; 

providing said internal transportation functions with 
priorities which are lower than the priorities of said 
direct request transportation functions; 

providing within said plurality of stores an intermedi 
ate store for selected transportation procedures 
between one of said data carrier stores and said 
read/write station; 

using a first transportation function which is an inter 
nal transportation function between said one of said 
data carrier stores and said intermediate store and a 
second transportation function between said inter 
mediate store and said read/write station for per 
forming said selected transportation procedures; 
and 

executing called-up transportation functions in a se 
quence according to the height of their priorities. 

7. Method for operating an automatic data carrier 
library which is associated with a computer as a data 
storing facility, 

said library comprising various stations, a plurality of 
said stations being data carrier stores and at least 65 
another of said stations being a read/write station 
for said data carriers, wherein 

said method comprises: 
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using a transportation procedure for transporting one 
of said data carriers between a first one and a sec 
ond one of said stations each transportation proce 
dure comprising at least one transportation func 
tion having a priority associated therewith; 

separating said transportation procedures into inter 
nal transportation functions for rearranging said 
data carriers within said plurality of stores and 
direct request transportation functions for trans 
porting a data carrier from its data carrier store 
directly into said read/write station; 

providing said internal transportation functions with 
priorities which are lower than the priorities of said 
direct request transportation functions; 

providing within said plurality of stores an intermedi 
ate store for selected transportation procedures 
between said read/write station and one of said 
data carrier stores; 

using a first transportation function which is an inter 
nal transportation function between said intermedi 
ate store and one of said data carrier stores and a 
second transportation function between said read/- 
write station and said intermediate store for per 
forming said selected transportation function; and 

executing called-up transportation functions in a se 
quence according to the height of their priorities. 

8. Method as defined in claim 6, wherein said selected 
transportation procedure is a predictable transportation 
procedure for a data carrier from or to said read/write 
station. 

9. Method as defined in claim 7, wherein said selected 
transportation procedure is a predictable transportation 
procedure for a data carrier from or to said read/write 
station. 

10. Method as defined in claim 8, wherein said pre 
dictable transportation procedure is one of an empty or 
recordable data carrier. 

11. Method as defined in claim 9, wherein said pre 
dictable transportation procedure is one of an empty or 
recordable data carrier. 

12. Method as defined in claim 6, wherein said inter 
mediate store is defined as storage area within close 
access to said data carrier stores. 

13. Method as defined in claim 6, wherein said inter 
mediate store is arranged in short distance of read/write 
stations. 

14. Method as defined in claim 6, wherein said inter 
mediate store is moved along with said handling device. 

15. Method as defined in claim 7, wherein said inter 
mediate store is defined as storage area within close 
access to said data carrier stores. 

16. Method as defined in claim 7, wherein said inter 
mediate store is arranged in short distance of read/write 
stations. 

17. Method as defined in claim 7, wherein said inter 
mediate store is moved along with said handling device. 

18. Method as defined in claim 6, wherein a transpor 
tation function for checking the availability of individ 
ual data carriers in said data carrier store is allocated a 
low priority. 

19. Method as defined in claim 6, wherein a transpor 
tation function for resorting said data carriers within 
said data carrier store is allocated low priority. 

20. Method as defined in claim 6, wherein insertion of 
cleaning data carrier is carried out with a transportation 
function having a priority which is lower than the high 
est priority. 
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21. Method as defined in claim 19, wherein the trans 
portation function with lowest priority is carried out in 
continuous operation, where required interrupted by 
transportation functions of higher priority. 

22. Method as defined in claim 1, wherein the alloca 
tion of the priorities to the individual transportation 
functions is changeable during operation of the library. 

23. Method as defined in claim 1, further comprising 
identifying said data carriers to be transported via a 
mark sensible from outside prior to removal from the 
data carrier store. 

24. Method as defined in claim 23, further comprising 
using optical and/or magnetic identification carriers as 
marks. 

25. Method as defined in claim 1, further comprising 
determining the exact position of said data carrier in 
said respective data carrier store prior to removal of 
said data carriers from said store. 

26. Method as defined in claim 23, wherein prior to 
insertion of the data carrier in said read/write station, 
the method further comprises ascertaining an identifica 
tion applied to said data carrier itself and comparing 
said identification with said identification ascertained 
from said mark. 

27. Method for operating an automatic data carrier 
library, with data carriers being transported back and 
forth between various stations of said library with said 
stations of said library including at least one data carrier 
store, an intermediate store and one read/write station 
for said data carriers, said method comprising: 

using transportation functions for said data carriers, 
said transportation functions being optionally se 
lectable by a control device; 

allocating a priority to each transportation function; 
executing a transportation function with higher prior 

ity with precedence over a transportation function 
with lower priority; 

dividing transportation of data carriers from a first to 
a second station which is often required into a first 
transportation function relating to transportation of 
said data carriers between said data carrier store 
and said intermediate store and a second transpor 
tation function relating to transportation of said 
data carriers between said intermediate store and 
said read/write station; 

arranging said intermediate store close to said respec 
tive second station; and 

allocating a low priority to said first transportation 
function and a high priority to said second trans 
portation function. 

28. Method for operating an automatic data carrier 
library, with data carriers being transported back and 
forth between various stations of said library with said 
stations of said library including at least one data carrier 
store, an intermediate store and one read/write station 
for said data carriers, said method comprising: 

using transportation functions for said data carriers, 
said transportation functions being optionally se 
lectable by a control device; 

allocating a priority to each transportation function; 
executing a transportation function with higher prior 

ity with precedence over a transportation function 
with lower priority; 

dividing transportation of data carriers from a first to 
a second station requiring long transportation paths 
of said handling device into a first transportation 
function relating to transportation of said data car 
riers between said data carrier store and said inter 
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24 
mediate store and a second transportation function 
relating to transportation of said data carriers be 
tween said intermediate store and said read/write 
station, 

arranging said intermediate store close to said respec 
tive second station; and 

allocating a low priority to said first transportation 
function and a high priority to said second trans 
portation function. 

29. A method for operating an automatic data carrier 
library system to provide a computer with access to 
data carriers, said library system comprising: 

rerecordable and other data carriers; 
a store for said data carriers; 
at least one read/write station for said data carriers, 

said read/write station being provided with an 
insertion opening and being connected with said 
computer for reading and writing on a data carrier 
inserted in said read/write station; and 

an intermediate store above said insertion opening for 
storing rerecordable data carriers; 

said method comprising the following steps; 
transporting one of said rerecordable data carriers 
from said store to said intermediate store in a time 
period in which there is no direct request from said 
computer for any of said data carriers; 

storing said rerecordable data carrier in an internedi 
ate position in said intermediate store; and 

transporting said rerecordable data carrier into said 
read/write device upon a direct request for said 
data carrier by said computer. 

30. A method for operating an automatic data carrier 
library system to provide a computer with access to 
data carriers, said library system comprising: 

a store for said data carriers; 
at least one read/write station for said data carriers, 

said read/write station being connected with said 
computer for reading and writing on a data carrier 
inserted in said read/write station; and 

an intermediate store adjacent said read/write station 
said method comprising the following steps; 

a first transportation function being carried out be 
fore a request for a data carrier for said read/write 
station by said computer said first transportation 
function being used to transport one of said data 
carriers before it is requested by said computer 
from said store to said intermediate store; 

a second transportation function being the first to be 
carried out at a request by said computer; and 

said second transportation function being used to 
transport said data carrier from said intermediate 
store into said read/write station. 

31. A method for operating an automatic data carrier 
library system to provide a computer with access to 
data carriers, said library system comprising: 

a store for said data carriers; 
at least one read/write station for said data carriers, 

said read/write station being connected with said 
computer for reading and writing on a data carrier 
inserted in said read/write station; and 

an intermediate store adjacent said read/write station 
said method recognizing a predictable procedure 
for transporting a rerecordable data carrier from 
said store to said read/write station and in the case 
of such a predictable procedure comprising the 
following steps: 
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a first transportation function according to which one 
of said rerecordable data carriers is firstly placed 
with foresight in said intermediate store; 

a second transportation function is performed when a 
request for said rerecordable data carrier is re 
ceived from said computer, said second transporta 
tion function transporting said data carrier from 
said intermediate store into said read/write station. 

32. Automatic data carrier library for performing a 
method according to one of claims 29-31, comprising: 
a plurality of said data carrier stores, 
a read/write station; 
a transport device for transporting said data carriers 
between said data carrier store and said read/write 
station; and 

an intermediate store for selected data carriers ar 
ranged on said read/write station and use for inter 
mediate storage of said selected data carriers before 
insertion into said read/write station. 

33. Data carrier library as defined in claim 32, 
wherein said selected data carriers are empty or rere 
cordable data carriers. 

34. Data carrier library as defined in claim 32, 
wherein said data carriers are positionable in said inter 
mediate store such that they assume in said intermediate 
store an orientation which is substantially parallel to 
that in said read/write device. 

35. Data carrier library as defined in claim 32, 
wherein said intermediate store is arranged above said 
read/write station. 

36. Data carrier library as defined in claim 32, 
wherein said read/write station is provided with an 
insertion opening for said data carriers and that said 
intermediate store is arranged directly above said inser 
tion opening. 

37. Data carrier library as defined in claim 32, 
wherein an in/out storage station is provided for data 
carriers. 

38. Automatic library system for providing a com 
puter with access to data carriers comprising: 

rerecordable and other data carriers; 
a store for said data carriers; 
a read/write station for said data carriers comprising 

an in/out opening; 
an intermediate store arranged adjacent said in/out 
opening for an intermediate storage of said rere 
cordable data carriers in intermediate storage posi 
tions adjacent said read/write station; 

said rerecordable data carriers in said intermediate 
storage positions being aligned with said in/out 
opening; 

a handling device for transporting said rerecordable 
data carriers between said store and said intermedi 
ate store; and 

a controller and capable of having one of said rere 
cordable data carriers transported by said handling 
device to said intermediate store without a direct 
request for said data carrier by said computer dur 
ing times in which the handling system does not 
handle a direct request; wherein 

said controller initiates transportation of said data 
carrier from said intermediate store into said read/- 
write station upon a direct request by said com 
puter. 

39. Automatic library system for providing a com 
puter with access to data carriers comprising: 

a store for said data carriers; 
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a read/write station for said data carriers comprising 
an in/out opening; 

an intermediate store arranged above said in/out 
opening for an intermediate storage of said data 
carriers in intermediate storage positions adjacent 
said read/write station; 

said intermediate storage positions being oriented 
substantially parallel to a position of a data carrier 
when inserted into said read/write station; 

a handling device for transporting said data carriers 
between said store and said intermediate store; and 

a means for controlling said library system capable of 
having one of said intermediate store without a 
direct request for said data carrier by said com 
puter in times in which the handling system does 
not handle a direct request; wherein 

said means for controlling initiates a transport of said 
data carrier from said intermediate store into said 
read/write station upon a direct request by said 
computer. 

40. Automatic library system for providing a com 
puter with access to data carriers comprising: 
a store for said data carriers; 
a read/write station for said data carriers comprising 

a read/write device with an in/out opening; 
an intermediate store arranged adjacent said read/- 

write device for an intermediate storage of said 
data carriers in intermediate storage positions adja 
cent said read/write station; 

said data carriers in said intermediate storage posi 
tions being aligned with said in/out opening; 

a handling device for transporting said data carriers 
between said store and said intermediate store 

a controller for controlling said library system, 
wherein 

said controller recognizes first and second kinds of 
data carriers and initiates a transport of one of said 
first kind of data carriers from said store to said 
read/write station by said handling device upon a 
direct request by said computer, and wherein 

said controller causes said second kind of data carri 
ers to be transported by said handling device to 
said intermediate store without a direct request for 
said second kind of data carrier by said computer in 
times in which the handling system does not handle 
a direct request, and wherein 

said controller further initiates a transport of said 
second kind of data carrier from said intermediate 
store into said read/write station upon a direct 
request of one second kind data carrier by said 
computer. 

41. Automatic library system for providing a com 
puter with access to data carriers comprising: 

a store for said data carriers; 
a read/write station for said data carriers; 
a handling device for transporting said data carriers 
between said store and said read/write station; 

said handling device comprising a carriage being 
movable on a track running alongside said store 
and said read/write device; and 

an intermediate store for said data carriers arranged 
on said carriage so as to move along on said track 
with said handling device. 

42. Automatic library system according to claim 41, 
wherein said intermediate store is arranged within a 
gripping range of said handling device. 

sk k 
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